Numerous legal and regulatory frameworks in the U.S. and globally are acknowledging the opportunity for greenhouse gas (GHG) reductions provided by combining the long-term storage of CO 2 in association with carbon dioxide enhanced oil recovery (CO 2 -EOR), or in implementing a CO 2 storage project after completion of CO 2 -EOR operations. These include the U.S. Environmental Protection Agency (EPA), the International Organization for Standardization (ISO), the State of California, and the Intergovernmental Panel on Climate Change (IPCC), among many.
For the cases assuming CO 2 storage after CO 2 -EOR, it is important to keep in mind that MRV costs represent only a portion of overall storage costs. In most cases, a large portion (in fact, the majority) of the costs associated with CO 2 storage project in a converted CO 2 -EOR project are those associated with operating the wells, equipment, and surface facilities. For this scenario, in the Reference Case, a 10-year PISC phase is assumed, while in the Stringent Case, a 50-year PISC period is assumed.
Introduction
Under the U.S. Environmental Protection Agency's (USEPA's) "Clean Power Plan," 1 CO 2 storage with CO 2 enhanced oil recovery (CO 2 -EOR) operations is recognized as a potential compliance mechanism. The USEPA has promulgated requirements for geologic storage of CO 2 , establishing a new class of wells --Class VI --under authority of USEPA's Underground Injection Control (UIC) Program. 2 In a separate rulemaking, USEPA also established reporting requirements under its Greenhouse Gas Reporting Program (GHGRP) 3 for facilities that inject CO 2 underground; Subpart UU applies to CO 2 injected to enhance hydrocarbon recovery; 4 Subpart RR to CO 2 injected for geologic storage. 5 Similarly, the International Standards Organization (ISO) is in the process of developing standards (ISO/TC 265) on the design, construction, operation, environmental planning and management, risk management, quantification, monitoring and verification, and related activities associated with CO 2 capture, transportation, and geological storage, including consideration of CO 2 that may be stored in association with CO 2 -EOR. 6 Both the USEPA rules and ISO standards recognize that CO 2 -EOR operations injecting anthropogenic CO 2 could qualify for CO 2 storage during EOR operations, or if/when the CO 2 -EOR operations are converted to permanent geologic storage projects. Recent guidance issued by the USEPA confirms that CO 2 -EOR operations result in stored CO 2 . 7 This guidance states that for a CO 2 -EOR operation to get "credit" for stored CO 2 , conversion from a CO 2 -EOR operation to a CO 2 storage (only) operation may not be necessary.
Objective
One objective of this paper is to characterize the potential issues and estimated costs associated with adapting a CO 2 -EOR project to enable it to get "credit" for stored CO 2 , as well as for converting a CO 2 -EOR project to a CO 2 storage project. Consideration of the issues and costs include those associated with well construction (or rehabilitation), existing well abandonment, well operation, testing and monitoring, post-injection site care, and site closure. The paper demonstrates that many of the activities that would serve to ensure/verify CO 2 storage are already conducted as part of most CO 2 -EOR operations.
Several scenarios are considered in terms of the acceptable activities that a CO 2 -EOR operator would need to pursue to get "credit" for stored CO 2 , as well as for what would be required for converting a CO 2 -EOR project to a CO 2 storage project. These potential scenarios are applied to several fields currently undergoing CO 2 -EOR operations to approximate a "real world" assessment of the potential implementation of this strategy.
Another objective of this paper is to discuss concerns about potential fundamental conflicts between USEPA requirements and state-level mineral property, resource conservation, and environmental law in the United States that still, possibly, need to be addressed.
U.S. requirements for certifying CO 2 storage with CO 2 -EOR
The requirements of EPA's Class VI UIC Program regulations affect operators of injection wells used to inject CO 2 into the subsurface for the purposes of geologic storage. Regulated categories and entities include, but are not limited to, the following:
 Private owners or operators of CO 2 injection wells used for Class VI geologic storage.  Private owners or operators of existing CO 2 injection wells transitioning from Class I, II, or Class V injection activities to Class VI geologic storage. The Class VI rules contain requirements for site characterization; area of review (AoR) and corrective action; injection well construction; injection well operations; testing and monitoring; recording-keeping and reporting; well plugging, post-injection site care (PISC), and site closure; financial responsibility; and emergency and remedial response Under Subpart RR of the GHGRP, the geologic sequestration of CO 2 pertains to any well or group of wells that inject CO 2 for long-term containment in subsurface geologic formations. This category includes all wells permitted as Class VI under the EPA UIC program. Specifically, this category does not include a well or group of wells where CO 2 is being solely injected to enhance the recovery of oil or natural gas unless:
 The operator injects the CO 2 for long-term containment in subsurface geologic formations and has submitted a proposed MRV plan to EPA and received an approved plan from EPA. (This applies even if the CO 2 is being injected in a well permitted as a Class II injection well under a state or federal UIC program.)  The well is permitted as Class VI well under a UIC program. As of the date of submittal of this paper, one MRV plan associated with an ongoing CO 2 -EOR operation has been submitted and approved. 8 Finally, Section 45Q of the U.S. Internal Revenue Code provides for a credit for injection of CO 2 into the subsurface. The amount of the Section 45Q credit is equal to the sum of: 9 1. $20 per metric ton if the qualified CO 2 is not used as a tertiary injectant in an EOR project. 2. $10 per metric ton if the qualified CO 2 is used as a tertiary injectant in an EOR project. The credit does not apply to CO 2 that is re-captured, re-cycled, and re-injected as part of the enhanced oil and natural gas recovery process. Moreover, Section 45Q does not have its own, unique requirements for certifying storage, but the law requires that U.S. Internal Revenue Service (IRS) consult with other agencies to establish requirements for certifying storage.
Legislative changes to Section 45Q to increase the value of the credit and expand its applicability are currently under consideration. Proposed amendments to Section 45Q are being proposed to: 10  Permanently extend the Section 45Q tax credit beyond its current cap of 75 million tons, providing the financial certainty needed to drive private investment in CO 2 capture projects.  Increase the credit from $10 to $20 per ton of CO 2 , then raising it further over 10 years to $30 per ton to help cover the gap between the cost of investing in and operating a CO 2 capture project and revenue received from selling CO 2 to the oil industry for use in EOR.  Lower the eligibility threshold for projects from 500,000 tons to 150,000 tons of CO 2 per year so that industrial facilities that typically produce smaller volumes of CO 2 emissions (e.g. ethanol and fertilizer plants), can participate.  Authorizing assignment of the credit to other entities responsible for managing or storing the CO 2 to allow tax-exempt electric co-ops and other project developers without significant tax liability to use the incentive.
Objectives of MRV activities for CO 2 -EOR
From an operator's perspective, there is little difference between monitoring to optimize CO 2 -EOR operations and monitoring to ensure CO 2 storage during (and after) CO 2 -EOR operations. However, CO 2 -EOR operations have traditionally focused on optimizing oil production, not the storage of CO 2 . In fact, the operational imperative was traditionally focused on recovering the most incremental oil possible, while injecting (or at least purchasing) the least amount of CO 2 . (Moreover, a large portion of the CO 2 historically used for EOR has come from natural, rather than anthropogenic, sources.) The use of a water-alternating-gas (WAG) process, 11 at least in part, helps to reduce the amount of the more expensive CO 2 used, relative to the less expensive water.
However, even with this operational objective, CO 2 -EOR can result in very effective CO 2 storage. In general, most of the initially acquired/purchased CO 2 over the course of CO 2 -EOR operations (not including CO 2 which is recycled) will remain in the reservoir at the end of active injection. For example, a review of one very large CO 2 -EOR project demonstrated that 99.7% of the CO 2 purchased was ultimately sequestered. 12 Another large CO 2 -EOR flood showed that over 92% of the initially purchased CO 2 was ultimately sequestered. 13 For CO 2 -EOR operations to be effective, it is important to know that the CO 2 is doing its job, contacting oil, and moving it through the reservoir as efficiently as possible. This is especially true when CO 2 supplies are constrained and/or expensive, Thus, reservoir surveillance and active reservoir management and ongoing pattern management is critical for economic CO 2 -EOR operations. Without this, a CO 2 flood's performance can easily and quickly spiral out of control, and its profitability can suffer.
Surveillance operations can be grouped into two categories: routine and non-routine. Routine surveillance involves efforts to monitor and analyze the flood performance on a regular (daily or monthly) basis. This includes monitoring injection rates and wellhead pressures, reservoir pressures, injection profiles, and corrosion in wellbores and equipment. It may also involve periodic geochemical analyses of produced fluids, and may include periodic well tests.
Non-routine surveillance is generally more focused on helping solve a specific problem. It also is likely more expensive than routine surveillance activities. Examples include pressure transient analysis, production profile logs, borehole image logs, saturation logs, coring and special core analysis, and seismic methods.
Thus, in general, the monitoring activities associated with CO 2 -EOR operations include:  Maintenance of working pressures in the reservoir above the minimum miscibility pressure (MMP), 14 and below the parting pressure. 15 Monitoring of the fluid mass injected and mass produced are the key inputs. The terms associated with this process are most commonly referred to as pattern balancing and material balance. This involves observation of the dynamic response of the reservoir to CO 2 flooding.  Tracking the spatial distribution of CO 2 in the reservoir and assessing the interaction with other reservoir fluids, including evaluation of the reservoir sweep efficiency and identification of regions of bypassed oil by the injected CO 2 slug.  Ensuring that CO 2 does not impact the integrity of any well that penetrates the formation which is the target of CO 2 -EOR operations.  Ensuring that CO 2 remains within the project area; e.g., that is does not migrate or leak into other reservoirs, ground water, or to the surface. In general, these surveillance techniques are applied to minimize the adverse sweep; that is, to direct the CO 2 from where it wants to go naturally, to where it should go to maximize contact with oil-saturated zones to produce oil. WAG management is the most widely used sweep control technique for CO 2 -EOR projects. WAG management refers to the selection of the optimum WAG ratio and cycle slug sizes for each injector in the project.
Certifying CO 2 storage requires certain well and field requirements associated with CO 2 -EOR operations (area of review (AoR), mechanical integrity tests (MITs) of wells, operational requirements, etc.). It requires certification of injection and incidental storage of CO 2 , along with monitoring, sampling and testing information required to verify injected and/or permanently stored volumes. Operations must measure the volumes of CO 2 injected, using approved continuous monitoring equipment. Operations must also meet additional well plugging requirements, flush injection wells; measure bottom-hole pressure; demonstrate external well mechanical integrity, conduct corrosion monitoring, and ensure that the plugging material is compatible with CO 2 -prone environment Much of this is already done in a well monitored CO 2 -EOR project.
Phases of CO 2 -EOR and associated MRV activities
Just like the manner in which traditional oil field operations evolve over time --from the primary recovery phase (pressure depletion), to the secondary recovery phase (water injection), to the tertiary or enhanced oil recovery phase --transitioning CO 2 -EOR operations to CO 2 storage may also proceed through one or more phases. These could include one or more of the following: 1. Conventional CO 2 -EOR. In this traditional CO 2 -EOR process, the operator is attempting to optimize/minimize the utilization of CO 2 relative to the incremental oil produced. 2. CO 2 -EOR with credit for stored CO 2 . Same as #1, though in this case, the operator and/or the provider of the CO 2 wants to get credit for the CO 2 retained/stored in the reservoir, which could require additional monitoring to measure and verify volumes stored, and could lead to more CO 2 injected per incremental barrel of oil produced. 3. Transition from CO 2 -EOR to CO 2 storage. There will likely be a rationale to "prepare" the reservoir for CO 2 storage, prior to the end of CO 2 -EOR operations, in order to "re-optimize" the oil field for CO 2 storage. This may be particularly important for reservoirs that have undergone WAG processes, to reduce reservoir pressure and improve injectivity for CO 2 . 4. CO 2 storage post CO 2 -EOR operations. The field is ready for straight CO 2 injection/storage with no incremental oil production, and becomes a Class VI CO 2 storage project. Phases 1 through 3 will still represent traditional CO 2 -EOR/Class II well operations. However, in Phases 2 and 3, additional MRV activities may be necessary and/or required to justify that the volumes of CO 2 stored, and for which credit is desired, can be verified.
Recognizing this, Texas recognizes distinct opportunities for CO 2 -EOR and/or CO 2 storage projects to account for CO 2 storage with incidental production and for production with concurrent CO 2 injection/storage. 16
"Preparing" a CO 2 -EOR project for CO 2 storage
The steps to facilitate the transition from CO 2 -EOR to CO 2 storage will critically impact the costs associated with this transition. Most large CO 2 -EOR projects, which represent the most likely targets for transitioning from CO 2 -EOR to CO 2 storage, have been using a WAG CO 2 -EOR process, and may contain hundreds of production and injection wells, on relatively tight (e.g., 40 acre) pattern spacing, with the project operating at a relatively high pressure throughout, to facilitate production. The costs of incorporating all of these wells in a highly monitored CO 2 storage project would likely be cost-prohibitive. Thus, there will likely be a rationale to "prepare" the reservoir for CO 2 storage, prior to the end of CO 2 -EOR operations, in order to "re-optimize" the oil field for storage. This could be facilitated by converting from a WAG process to a continuous CO 2 injection project, producing the water (and incremental oil), but not reinjecting the water. This would allow for the pressure in the reservoir to decline, the injection rate for CO 2 to increase, and will free up pore space in the reservoir for CO 2 storage. In addition, it could also allow for additional oil recovery. 17 This phase is illustrated in Figure 1 , which represents a well in a CO 2 -EOR project initially producing under a WAG process. For a number of years, the well produces oil at a rate that declines over time from about 20 barrels per day to less than 5 barrels per day. It initially produces water at a rate of about 60 barrels per day, and CO 2 at a rate that averages about 225 thousand cubic feet per day (Mcf/day), at reservoir pressures that are over 2,500 pounds per square inch (psi) at the end of the WAG process. At about year 2033 on the graph, the project stops injecting water, and does so over about a 10-year period. Over time, water production declines, average reservoir pressure decreases from 2,500 psi to less than 2,000 psi, and the CO 2 injection rate increases five-fold to over a million cubic feet per day, while still producing small amounts of additional oil. This five-fold increase would facilitate the reduction in well spacing for a field from the traditional 40-acre spacing for CO 2 flooding, to something more on the order of 640-acre spacing (or higher) for continuous CO 2 injection for storage, assuming the same rate of CO 2 injection as that maintained for CO 2 -EOR.
In the CO 2 storage cases after CO 2 -EOR assumed in this paper, spacing reductions from less than 40 acres per well to 160 acres per well were assumed in the Permian Basin, and reductions from about 160 acres per well to 320 acres per well were assumed in the Gulf Coast case. Exhibit 1. Impact of oil reservoir depressurization on CO 2 Injection Rates
Estimation of potential MRV costs
For this assessment, potential MRV activities are grouped into various categories based on activity type. The categories and activities included are shown in Figure 2 .
Costs not assumed in this assessment include any possible costs associated with reservoir pressure control (i.e., water withdrawal for plume management, injectivity/capacity enhancement), bonding, acquisition of pore space rights, any land use permits, water discharge, and/or air emission permits. Also, no obligatory costs for taxes and mitigation are assumed. Finally, no costs are assumed associated with any legal and regulatory efforts, such as for the preparation and submittals of multiple MRV plans or any potential legal costs imposed by possible project opposition.
Costs are sourced from previous economic impact studies, industry costs for the injection of CO 2 for CO 2 -EOR, and from active (or recently active) CO 2 storage research projects. Specifically, the cost estimates developed for this paper build upon previous work, including the actual costs incurred with the injection of CO 2 in a deep saline aquifer for two Southeast Regional Carbon Sequestration Partnership (SECARB) projects; 18 the U.S. Department of Energy (DOE)/National Energy Technology Laboratory (NETL) CO 2 Saline Storage Cost Model, designed to estimate the costs associated with the storage of captured CO 2 in a subsurface geologic reservoir; 19 EPA's cost analyses developed as part of its final Class VI rule; 20 and, where applicable, the drilling and conversion cost algorithms for CO 2 -EOR developed by Advanced Resources for DOE/NETL. 21
Scenarios for estimating project-specific MRV costs
Potential MRV costs are estimated based on two types of potential reporting facilities:  CO 2 -EOR projects permitted under Class II of EPA's Underground Injection Control (UIC) Program, but submitting a GHGRP Subpart RR MRV plan for storage verification.  Projects converting from CO 2 -EOR operations to CO 2 storage under EPA's Class VI UIC Program. Two facilities were assumed for this assessment, based on representative CO 2 -EOR projects in the Permian Basin of West Texas and Gulf Coast of the U.S., where many ongoing CO 2 -EOR operations exist in the U.S. The characteristics of these two facilities are summarized in Table 1 . 
CO 2 storage with EOR
In determining appropriate scenarios for CO 2 storage assurance during and after CO 2 -EOR operations, the fundamental question that must be asked is: "Can a CO 2 -EOR operator get credit for stored CO 2 ?" If the answer to this question is yes, then the next question that needs to be asked is: "What exactly is required to ensure storage?". In other words, can purely implementing GHG accounting/ reporting be sufficient (e.g., Subpart RR program)? Or will CO 2 -EOR operations need to accept many (but maybe not all) of the responsibilities associated with the UIC Class VI program? Finally, it is important to assess whether or not legal and regulatory obstacles, mostly procedural, preclude CO 2 -EOR from being an option for ensuring storage?
In defining the specific activities that should be included in various CO 2 -EOR storage and conversion scenarios, it is useful to specify those CO 2 -EOR/Class II activities that also apply to Class VI/CO 2 storage. These include, but may not necessarily be limited to, most of the activities associated with initial site characterization, such as maps and cross sections, gathering data on formation geochemistry; assessing storage reservoir(s)/confining zone(s); risk assessment/ mitigation assessment activities; and the ability to use a significant portion of existing surface infrastructure. Hopefully, most or all current wells could be utilized, existing computational model(s) (reservoir simulation), once appropriately modified, could provide the basis for plume front forecasting, and ongoing CO 2 -EOR monitoring activities, such as pressure, temperature, gas composition, fluid sampling, etc., continue.
MRV activities for verifying CO 2 storage during CO 2 -EOR operations were assumed for two possible compliance scenarios. These are described in the following.
Reference Case. During the site characterization and preparation phase, additional facilities are put in place for ground water and micro-seismic monitoring, including installing new monitoring stations, and Subpart RR MRV plans are prepared. All EOR injectors are assumed to be sufficient for Subpart RR compliance, and no additional logging or frequency of mechanical integrity testing (MIT) of wells is assumed over and above that required for EOR operations.
Also during the site characterization and preparation phase, assumptions for additional activities above and beyond that performed for traditional EOR include baseline monitoring of injected fluids at the custody transfer station and the pressure and rate at each injection well; corrosion monitoring at each distribution line; fluid/pressure monitoring in all observation wells; and background ground water monitoring is conducted.
During injection operations, additional costs are assumed for reporting under Subpart RR requirements. Activities continue for monitoring injected fluids at the custody transfer station, pressure and rate at each injection well; corrosion monitoring at each monitoring station (i.e. distribution line); fluid/pressure in all observations wells; with quarterly ground water sampling; tracer tests; and annual micro-seismic monitoring.
During the post injection site care phase, monitoring activities continue, but are assumed to be at half the frequency as that during injection operations. This includes monitoring of fluid/pressure in all observations wells every 2 years; limited micro-seismic monitoring, and semi-annual ground water sampling. Stringent Case. In the Stringent Case, in addition to that assumed in the Reference Case during the site characterization and preparation phase, additional facilities are put in place for soil CO 2 flux and vadose zone monitoring; new area of review (AoR) monitoring wells are drilled outside of the footprint of the traditional EOR field; eddy covariance towers and remote sensing (e.g. color-infrared (CIR) and/or LIDAR) monitoring is initiated, and baseline 3D surface seismic surveys and vertical seismic profiling (VSP) or cross-well seismic surveys are performed.
Also during the site characterization and preparation phase, in the Stringent Case, it is assumed that a period of baseline monitoring is conducted including soil CO 2 flux, tracer and vadose zone monitoring.
During injection operations, additional costs are assumed in the Stringent Case for repeat 3D surface and VSP/cross-well seismic; eddy covariance and CIR/LIDAR; and annual micro-seismic monitoring.
During the post injection site care phase, monitoring activities continue, but are assumed to be at a lower frequency as that performed during injection operations. In addition to those activities in the Reference Case, this includes 3D seismic and VSP/cross-well seismic; as well as limited eddy covariance/CIR/LIDAR monitoring. The converted and new monitoring wells and the ground water wells are plugged at the end of the PISC phase.
CO 2 -EOR Conversion to CO 2 Storage
Similarly, two cases were also developed to represent the range for potential costs for converting from a CO 2 -EOR (Class II) project to a CO 2 storage (Class VI) project.
Reference Case. The Reference Case or "less stringent" scenario is assumed to meet minimum requirements set forth in Class VI rule. It assumes that existing injection wells are grandfathered so no new well drilling of injection wells meeting Class VI standards will be required, with minimal well rehabilitation. It also assumes that all additional above zone and shallow monitoring can be conducted from existing, converted wells; i.e., no new monitoring wells will be required in the field. However, several new area of review (AoR) monitoring wells are drilled outside of the footprint of the traditional EOR field. A cased hole saturation log would be conducted in each monitoring well.
Monitoring of injected fluids --pressure, rate, etc. --would be conducted at each MVA station and monitoring well. Soil CO 2 flux, vadose zone, tracer monitoring, and micro-seismic monitoring would be conducted, and ground water baseline monitoring will take place.
During injection operations, updating of reservoir simulation models would be assumed to take place every two years, and it is assumed that two deep wells per year will require remedial action. It assumes that a saturation log is run for each Reference Case monitoring well annually, and that MITs, including pressure falloff tests, are performed on all injectors every 5 years. Continuous monitoring of injected fluids, pressure, and rates are assumed on all injectors; fluid samples and pressure measurements are taken in all observation wells; and ground water monitoring continues. Tracer tests, soil CO 2 flux and vadose zone monitoring and micro-seismic monitoring at each MVA station continues.
The same monitoring takes place during the ten year PISC, at half the frequency as during injection operations. All injectors, monitoring wells and ground water wells are plugged and abandoned at the end of the PISC.
Stringent Case. This scenario assumes everything in the Reference Case, plus substantial workovers would be required to upgrade all existing injection wells (though new injection wells, built to Class VI standards, would not be required). Cores would be taken to evaluate primary and secondary seals during AOR monitoring well drilling. An extensive suite of additional monitoring methods is assumed to be required, including periodic 3-D surface, cross-well, and VSP seismic. A saturation log would be conducted for each injection and monitoring well.
MITs would be conducted more frequently (every two years rather than every 5). Additional and more frequent atmospheric and remote sensing monitoring (eddy covariance, LIDAR/CIR) is assumed to be necessary. VSP or cross-well seismic repeated every four years. A repeat of the baseline 3D surface seismic survey is assumed to take place once.
Finally, the Stringent Case assumes 50 years of PISC will be necessary. The same monitoring takes place during PISC, at half the frequency as during injection operations.
Estimated project-specific MRV costs

CO 2 storage with EOR
For the cases assuming CO 2 storage with CO 2 -EOR, only the incremental costs associated with verifying and documenting CO 2 storage are considered. Twenty years of injection are assumed, with 73 million metric tons of CO 2 assumed to be injected and stored for the Permian Basin case, and 27 million metric tons assumed for the Gulf Coast. In both cases, a 10-year post-injection site care (PISC) period is assumed.
For the Permian Basin case, total project expenditures for verifying and documenting CO 2 storage are almost $121 million in the Reference Case, and nearly $295 million for the Stringent Case. On the basis of total expenditures (undiscounted) per metric ton of stored CO 2 , these equate to $1.64/metric ton in the Reference Case, and $4.02/metric ton for the Stringent Case.
For the higher permeability Gulf Coast setting, and assuming a substantially smaller storage target, total project expenditures for verifying and documenting CO 2 storage are over $21 million in the Reference Case, and nearly $64 million for the Stringent Case; equating to $0.79/metric ton in the Reference Case, and $2.36/metric ton for the Stringent Case, undiscounted.
These results are presented in Table 2A for the Permian Basin case, and 2B for the Gulf Coast case. 
CO 2 -EOR Conversion to CO 2 Storage
Important to keep in mind is the fact that that MRV costs represent only a portion of overall storage costs. In most cases, a large portion of the costs associated with a CO 2 storage project, even when applied to a converted CO 2 -EOR project, are those associated with the operating the wells, equipment, and surface facilities. Even when substantial existing infrastructure is usable for CO 2 storage, the costs of operating these wells, equipment, and facilities are far larger proportionally that the costs associated with MRV activities. This assessment assesses potential storage costs considering both O&M and MRV costs, and only just MRV costs.
Twenty years of injection are again assumed, with 73 million metric tons of CO 2 injected and stored assumed for the Permian Basin case, and 27 million metric tons assumed for the Gulf Coast. In the Reference Case, a 10-year PISC phase is assumed, while in the Stringent Case, a 50-year PISC period is assumed.
For the Permian Basin case, total project expenditures for CO 2 storage after CO 2 -EOR are $662 million in the Reference Case, and over $1.6 billion in the Stringent Case. These equate to $9.02/metric ton in the Reference Case, and $21.13/metric ton for the Stringent Case. If only the costs associated with verifying and documenting CO 2 storage are considered, total costs are $231 million in the Reference Case, and nearly $702 million for the Stringent Case. These equate to $3.15/metric ton in the Reference Case, and $9.56/metric ton for the Stringent Case.
For Gulf Coast setting, total project expenditures for CO 2 storage after CO 2 -EOR are $141 million in the Reference Case, and $327 million in the Stringent Case. These equate to $5.21/metric ton in the Reference Case, and $12.09 /metric ton for the Stringent Case, undiscounted. If only the costs associated with verifying and documenting CO 2 storage are considered, total costs are $58 million in the Reference Case, and $169 million for the Stringent Case. These equate to $2.16/metric ton in the Reference Case, and $6.23/metric ton for the Stringent Case, undiscounted.
These results are presented in Table 3A for the Permian Base case, and 3B for the Gulf Coast case. 
Critical elements impacting costs
Based on that analyses presented above, a number of activities/requirements stand out as potentially having a large impact on cost. One example is whether new MRV plans are required whenever "new" activity is undertaken (e.g., like converting a producer to an injector), and whether such plans are legally challenged. A critical will be what a Class VI Program Director determines to be "acceptable" in the Class VI permit application. Of particular importance will be the acceptability of existing infrastructure and wells for CO 2 storage; i.e., can existing wells be converted (and at what cost) or will new wells, completed to Class VI construction standards, be necessary?
From both the operator's and the regulator's perspectives, clear understanding of the value provided by alternative monitoring technologies and approaches will be key. It will be critically important by all to understand which monitoring activities provide useful information, which provide duplicative information to other activities, and which do not provide much useful information. Also important for converting CO 2 -EOR operations to CO 2 storage will be the ability to prepare CO 2 -EOR operation for storage, which may take a long time to ensure cost-effectiveness. Finally, from a cost perspective, but perhaps more importantly from a practical operational perspective, will be the length of time for post-injection site care.
Finally, it is important to note that a number of costs that could potentially be associated with either CO 2 -EOR projects looking to certify CO 2 storage, or CO 2 -EOR projects converting to storage projects, were not considered in this assessment. These include costs associated with:
 Bonding  Long-term stewardship trust fund or operational oversight fund contributions  Pore space rights  Land use permits  Water discharge permits  Air emission permits  Taxes  Mitigation  Reservoir pressure control/brine production
Potential legal/regulatory obstacles
Under USEPA's proposed "Clean Power Plan," CO 2 storage with CO 2 -EOR is recognized as a potential compliance mechanism. However, if CO 2 storage is verified under Subpart RR, many are concerned that Subpart RR fundamentally conflicts with state-level mineral property and resource conservation law. The most significant concerns under Subpart RR include the process for and timeliness of EPA approval of MRV plans for CO 2 -EOR projects, and EPA determinations of what constitutes "new" activity in a CO 2 -EOR project necessitating submittal of a new MRV plan. Concern also exists as to how federal requirements relate to current state CO 2 -EOR/Class II permitting processes, and the extent to which MRV plans are subject to litigation procedures.
Concluding thoughts and observations
The transition from conventional CO 2 -EOR to CO 2 storage post-CO 2 -EOR may proceed through one or more phases. Many of the activities that could serve to ensure/verify CO 2 storage are already part of most CO 2 -EOR operations. Thus, the fundamental question is --can a CO 2 -EOR operator get credit for stored CO 2 , and if so, what exactly is required to ensure storage?
This study concludes that the costs associated with verifying and documenting CO 2 storage in association with CO 2 -EOR are likely to be substantially lower than the costs associated with transitioning from a CO 2 -EOR project to a "pure" CO 2 storage project.
For the cases assuming CO 2 storage with CO 2 -EOR, potential costs (on a per metric ton basis) were estimated to be $1.64/metric ton in the Reference Case, and $4.18/metric ton for the Stringent Case in the Permian Basin, and $0.79/metric ton in the Reference Case, and $2.36/metric ton for the Stringent Case in the Gulf Coast.
For the cases assuming CO 2 storage after CO 2 -EOR, project expenditures, including O&M, for CO 2 storage after CO 2 -EOR are estimated to be $9.02/metric ton in the Reference Case, and $21.13/metric ton for the Stringent Case in the Permian Basin. For Gulf Coast setting, these costs are estimated to be $5.21/metric ton in the Reference Case, and $12.09/metric ton for the Stringent Case.
If important legal and regulatory considerations can be addressed, it is conceivable that costs for ensuring storage can be relatively modest. However, certain monitoring requirements, if imposed, could change this.
